The relationship between local rates of cerebral glucose utilization (ICMRg1c) and glucose transporter expres sion was examined during physiologic activation of the hypo thalamoneurohypophysial system. Three days of water depri vation, which is known to activate the hypothalamoneurohy pophysial system, resulted in increased ICMRg1c and increased concentrations of GLUTl and GLUT3 in the neurohypophysis; mRNA levels of GLUTl and GLUT3 were decreased and increased, respectively. Water deprivation also increased ICMRg1c in the hypothalamic supraoptic and paraventricular nuclei; mRNA levels of GLUTl and GLUT3 appeared to in crease in these nuclei, but the changes did not achieve statistical significance. Restoration of water for 3 to 7 days reversed all 192 observed changes in GLUT expression (protein and mRNA); restoration of water also reversed changes in ICMRglc in both the neurohypophysis and the hypothalamic nuclei. These re sults indicate .that under conditions of neural activation and recovery, changes in ICMRglc and the levels of GLUTI and GLUT3 are temporally correlated in the neurohypophysis and raise the possibility that GLUTl and GLUT3 transporter ex pression may be regulated by chronic changes in functional activity. In addition, increases in the expression of GLUTS mRNA in the neurohypophysis after dehydration provide evi dence for involvement of microglial activation. Key Words:
Glucose is the major substrate for cerebral energy me tabolism, and regional alterations in functional activity are reflected in changes in the local rates of cerebral glucose utilization (lCMR g1c ; (Sokoloff, 1977; Schwartz et aI., 1979) . The delivery of glucose to the brain is mediated by the facilitative glucose transporter proteins, primarily GLUTl in the blood-brain barrier and glia, and GLUT3 in neurons (see Maher et aI., 1994; Vannucci et aI., 1997b for review) . Although transport is generally not considered to be rate-limiting for cerebral glucose utilization, the expression of both GLUTl and GLUT3 proteins have been shown to vary under physiologic and pathologic conditions in which rates of glucose utiliza tion are also altered, such as during development and in the brains of patients with Alzheimer's disease (Bondy et aI., 1992; Simpson et aI., 1994; Vannucci, 1994; Van nucci et aI., 1994b) . However, in order to fully assess the relationship between lCMR g Jc and glucose transporter expression, a system was required in which regional functional activity could be experimentally manipulated.
The hypothalamoneurohypophysial system in the rat is well suited to this investigation. Dehydration, produced by progressive water deprivation, results in activation of the magnocellular neurons of the supraoptic and para ventricular nuclei of the hypothalamus and secretion of vasopressin and oxytocin from their nerve terminals lo cated in the neurohypophysis (Robinson, 1986; McKin ley et aI., 1987; . In addition to the axon terminals, which presumably are the site of GLUT3 expression, the neurohypophysis is com prised of two glial elements, pituicytes and microglia, both of which express GLUTl Vannucci et aI., 1994a Vannucci et aI., , 1997b . Mi croglia also express the putative fructose transporter, GLUTS (Payne et aI., 1993; Li et aI., 1996; Vannucci et aI., 1997b) . Two to three days of water deprivation have been shown to result in increased neuronal firing and increased lCMR g 1c in the supraoptic and paraventricular nuclei and in the neurohypophysis (Schwartz et aI., 1979; Kadekaro et aI., 1992) . We have previously demon strated an associated increase in both GLUTI and GLUT3 protein levels in the neurohypophysis under the same physiologic conditions (Vannucci et aI., 1994a) . In the present study, we have determined the time courses for changes in ICMR g 1c and concentrations of GLUTI and GLUT3 (mRNA and protein) in the components of the hypothalamoneurohypophysial system in rats during water deprivation and subsequent recovery. and temperature with standard alternating 12-hour periods of light and darkness (lights on at 6 a.m.). Animals were housed two per cage and allowed free access to food (NIH standard rat chow) and water before the start of the experimental protocol.
Rats were weighed and randomly divided into four groups: control, water deprived for 3 days, water-restored for 3 days, and water-restored for 7 days. During the experimental period all animals received food ad libitum, but water was withheld from all but controls for 3 days. After 3 days of water depri vation, water was returned to the water-restored groups of animals for 3 or 7 days. .
Two sets of experiments were carried out: I) Experiments to determine lCMRglc (n = 23) and 2) Experiments to determine glucose transporter and hormone concentrations (n = 98). Be fore the experimental determination of lCMRglc, polyethylene catheters were inserted into one femoral artery and vein under light halothane anesthesia. Catheters were tunneled under the skin and exited at the nape of the neck so that the rats could not gain access to the tubing. Rats were not restrained and could move freely throughout the experimental period. At least 2 hours were allowed for recovery from surgery and halothane anesthesia before initiation of the experimental procedure. As described previously (Sokoloff et aI., 1977) 
Measurement of rates of glucose utilization
The C4C]deoxyglucose method (Sokoloff et aI., 1977) in isopentane at -40°C, and sections of both tissues, 20 fLm in thickness, were prepared for autoradiography as previously de scribed (Sokoloff et aI., 1977) . The lCMRglc in individual brain regions were determined by analysis of the autoradiograms with a computerized image processing system (MCID Imaging Research Inc., St. Catharines, Ontario, Canada). Regions were located according to the rat brain atlas of Paxinos and Watson (Sokoloff et aI., 1977) .
Western blot analysis
Neural lobe samples were prepared as previously described (Vannucci et aI., 1994a GLUT! and GLUT3 was performed as previously described (Maher et aI., 1991 (Maher et aI., , 1992 with anti-COOH-terminal peptide antisera specific to GLUT! (9301, 1:1000) and mouse GLUT3 (9297, I :500) proteins (generously provided by Hoffman LaRoche, Nutley, NJ, U.S.A.). Blots of neural lobes and a vascular-free rat brain membrane standard were quantified by phosphorimage analysis (Molecular Dynamics, Sunnyvale, CA, U.S.A.) (Vannucci et aI., 1994a) . All experimental values were expressed in arbitrary units relative to the brain standard.
In situ hybridization
Cryosections (16 fLm) from brains and pituitary glands were thaw-mounted onto poIY-L-lysine, gelatin-chrom alum-coated slides and stored at -70°C until analyzed. Synthesis of 35S_ labeled cRNA riboprobes for GLUT!, GLUT3, and GLUT5 and in situ hybridization were performed as previously de scribed (Vannucci et aI., 1997a 
Measurement of vasopressin concentration
Plasma and neural lobe samples were extracted and assayed as previously described (Vannucci et aI., 1994a) . To assure parallel displacement of the labeled antigen, serial dilutions of the plasma extracts and neural lobe homogenates were assayed.
Vasopressin levels in plasma were corrected for recovery which averaged 63.5%. The sensitivity of the assay for vaso pressin was 0.5 pg/tube with <0.01 % cross-reactivity with oxy tocin and arginine8 vasotocin. Intraassay coefficient of varia tion was 11.3% ± 0.2.
Measurement of plasma electrolytes
Concentrations of K+, Na+, and CI-were determined in thawed plasma samples with three different ion-selective elec trodes (Monarch Instruments).
Statistical analysis
Comparisons of data obtained from the four groups of ani mals were analyzed for statistical significance by Dunnett's t test for multiple comparisons.
RESULTS

Physiologic variables
Alterations in physiologic variables produced by 3 days of water deprivation (Table 1) were in complete agreement with previous studies (Kadekaro et aI., 1992; Vannucci et aI., 1994a) . Compared with control rats, in dehydrated rats body weight was reduced by 25%, he matocrit was increased by 28%, and circulating electro lyte (Cr-, Na + , and K + ) concentrations were increased by 7 to 10%. Blood glucose levels were lower (25%) than in controls, most likely because of suppression of appetite accompanying water deprivation. Concentrations of va-sopressin were increased (600%) in plasma and de creased (72%) in the neurohypophysis. Within 3 days of restoration of water, hematocrit, blood glucose, and plasma levels of vasopressin, Na + and Cl-had returned to control levels. Body weight and neurohypophysial stores of vasopressin were reversed within 7 days of water restoration, although circulating K + still remained elevated.
Rates of glucose utilization
The hypothalamoneurohypophysial system includes both the supraoptic and paraventricular nuclei of the hy pothalamus in addition to the neurohypophysis. These hypothalamic nuclei also receive afferent input from the subfornical organ, the median preoptic nucleus, and the organum vasculosum laminae terminalis which are, themselves, activated by osmotic stimulation (Saw chenko and Swanson, 1983; McKinley et aI., 1987; Dy ball and Leng, 1989; . Three days of water deprivation significantly (P < 0.05) increased ICMR g lc in the subfornical organ (28%), supraoptic nucleus (25%), and the neurohypophysis (164%; Fig. 1A ; Table 2 ). In creases in ICMR g lc approached statistical significance (0.05 < P < 0. 1) in the paraventricular nucleus (15%), median preoptic nucleus (22%), and organum vasculo sum laminae terminalis (36%). Within 3 days of water restoration, all alterations in ICMR g lc had returned to control levels.
Expression of glucose transporters
The neurohypophysis is comprised of the axon termi nals of the magnocellular neurons surrounded by glial like pituicytes and microglia. These elements express 
Values are mean ± SD for the number of animals indicated in parentheses. Rats weighed 239 ± 4 g before the start of the experiment, and there were no statistically significant differences in starting weight among the four groups. Final weights (shown here) were at the end of the experiment duration.
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FIG. 1. Effects of water deprivation and restoration on regional rates of cerebral glucose utilization and GLUT1 and GLUT3 mRNA expression in the pituitary gland. (A) Representative [14Cjdeoxyglucose autoradiograms, (8) in situ hybridization for GLUT1 mRNA, and (C) in situ hybridization for GLUT3 mRNA in sections of the pituitary taken from water-sated control (1), and rats after 3 days of water deprivation (2); 3 days of water deprivation followed by 3 days of water restoration (3); 3 days of water deprivation followed by 7 days of water restoration (4) NH, neurohypophysis; AH, adenohypophysis. The arrows point to the neurointermediate lobe of the pituitary. specific glucose transporters: neurons-GLUT3; pltUl cytes-GLUT 1; microglia-GLUTl and GLUT5. The 55-kDa form of GLUT 1 is not detected as the neurohy pophysis lacks a blood-brain barrier (Weindl and So froniew, 198 1; Kadekaro et aI., 1983) . Three days of water deprivation induced an overall decrease in the ex pression of GLUTl mRNA, whereas GLUT3 and GLUT5 mRNA were increased (Figs. 1B, 1C, and 2; Table 3 ). Levels of GLUTs 1, 3, and 5 mRNAs returned to control levels within 3 days of water restoration (Figs. lB, 1C, and 2; Table 3 ). In agreement with our previous study (Vannucci et aI., 1994a) , GLUT3 protein levels were increased (43%; P < 0.0 1) after 3 days of dehydra tion and required 7 days of water restoration to return to control concentrations (Fig. 3) . In contrast to its effect on GLUT 1 mRNA expression, water deprivation induced a 28% increase in the concentration of the 45-kDa form of GLUTl which was restored to control levels by 3 days of labeled riboprobe for GLUTS. Three rats were studied under each of the four conditions. Sections were taken from water-sated con trol (1) and from the rats after 3 days of water deprivation (2); 3 days of water deprivation followed by 3 days of water restoration (3); 3 days of water deprivation followed by 7 days of water res toration (4).
water repletion. All of the Western blot determinations were performed on individual neurohypophyses (50 to 60 J.Lg/lobe). The combination of limited tissue availabil ity and insensitive anti-GLUTS antibodies prevented cor responding GLUTS protein determinations.
In the supraoptic and paraventricular nuclei which are comprised of both microvascular and nonvascular ele ments, GLUTl mRNA levels appear to increase after 3 days of water deprivation and return to control levels after 7 days of water restoration (Fig. 4A, Table 3 ), al though these changes did not reach statistical signifi cance. Consistent with observations in the neurohypoph ysis, GLUT3 mRNA in the supraoptic and paraventricu lar nuclei also appears to increase after 3 days of water deprivation and to return to baseline after 3 days of water restoration (Fig. 4B , Table 3 ). No alterations in GLUT3 Effects of water deprivation and restoration on GLUT1 and GLUT3 protein expression in the neurohypophysis. Phos phorimage analysis of individual neurohypophyses Western blot ted for GLUT1 and GLUT3 and expressed relative to brain stan dard in standard units. Bars represent mean ± SO for groups of 11 to 12 animals per group. 3dD, 3 days of water deprivation; 3dR, 3 days of water deprivation followed by 3 days of water restoration; 7dR, 3 days of water deprivation followed by 7 days of water restoration .• P < 0.01, statistically significantly different from water-sated control, Dunnett's.
mRNA were detected in the subfornical organ (data not shown).
DISCUSSION
The results of the present study support a relationship between experimentally induced changes in ICMR g 1 c and the expression of GLUTl and GLUT3 in the neurohy pophysis. These results confirm and extend our previous 
Values are mean ± SO for the number of animals indicated in parentheses. * Statistically significantly different from water-sated control by Dunnett's I-test, P < 0.0l. Effects of dehydration and rehydration on GLUT1 and GLUT3 mRNA expression in rat brain. Representative autoradiograms of brain sections subjected to in situ hybridization with 35S-labeled riboprobes for GLUT1 (A) and GLUT3 (8). Sections were taken from water-sated control (1), and rats after 3 days of water deprivation (2); 3 days of water deprivation followed by 3 days of water restoration
(3); 3 days of water deprivation followed by 7 days of water restoration (4). SON, supraoptic nucleus; PVN, paraventricular nucleus. study, which reported increased GLUTl and GLUT3 protein levels in the neurohypophysis after 3 days of water deprivation (Vannucci et aI., 1994a) . We further demonstrate that these changes are fairly rapidly re versed by water restoration and that the changes in func tional activity are most closely reflected in levels of GLUT3 mRNA and protein.
We used the autoradiographic [ 1 4 C]deoxyglucose method to measure regional rates of glucose utilization because this method can be applied to the study of awake, unrestrained animals and it provides quantitative results with good spatial resolution «200 f.Lm) (Smith, 1983) . The results of our studies are in good agreement with the previous studies by Kadekaro and colleagues, both in the absolute rates of glucose utilization and the magnitudes of the changes associated with the dehydra tion (Kadekaro et aI., 1992) . In both studies, statistically significant increases in lCMR g lc were seen in the supra optic nucleus, subfornical organ, and the neurohypoph ysis (Table 2) . Increases in lCMR g lc in the paraventricu lar nucleus, median preoptic nucleus, and organum vas culosum laminae terminalis were statistically significant in the study of Kadekaro et ai. (1992) and approached statistical significance (0.05 < P < 0.1) in our study ( Table 2) . The extent and rapidity of the reversal of these processes by water restoration has not previously been described.
In situ hybridization was used to determine the extent to which these changes in glucose utilization were ac companied by corresponding alterations in the levels of expression of either GLUTl or GLUT3 mRNA in the supraoptic and paraventricular nuclei as well as the neu rohypophysis. An increase in GLUT3 expression was observed in both the supraoptic and paraventricular nu clei in the dehydrated animals. However, the increase was small and variable and did not reach statistical sig-nificance; it was rapidly reversed upon water restoration (Figs. 4A and 4B, Table 3 ). This modest increase was surprising given the dramatic increase in GLUT3 protein expression in the neurohypophysis (Fig. 3) , which is made up of axon terminals from both hypothalamic nu clei. Although we cannot preclude the expression of GLUT3 by other cell types in the neurohypophysis, GLUT3 has not been detected in any other neural cell. The limited correspondence between GLUT3 protein levels in the axon terminals and GLUT3 mRNA levels in the neuronal cell bodies might be explained by the sig nificant increase in GLUT3 mRNA in the neurohypoph ysis ( Fig. IC; Table 3 ). The finding of significant levels of GLUT3 mRNA in the neurohypophysis of dehydrated rats is novel and adds GLUT3 to a select number of mRNAs present in the axons of the magnocellular neu rons. These include the mRNAs for oxytocin, vasopres sin, and BCl (brain cytoplasmic 1), a small nontranslated RNA polymerase III transcript. Both BC1 and GLUT3 are induced by dehydration, and their increased axonal expression is reversed by 1 to 3 days of water restoration (Jirikowski et aI., 1990; Mohr et aI., 1991; Tiedge et aI., 1993 Tiedge et aI., , 1999 Trembleau et aI., 1995) . The purpose and fate of axonal mRNA are still not clear. It is believed that protein synthesis takes place in the cell body and that proteins such as GLUT3, which are known to be present in synaptic terminals (Thoidis et aI., 1998) , rely entirely on anterograde axoplasmic transport to reach axon ter minals . It is unlikely that the GLUT3 mRNA or other mRNAs are translated in the axon terminals because this region lacks rough endoplasmic reticulum and the Golgi apparatus necessary to synthesize and glycosylate mem brane proteins such as GLUT3 . There is, however, growing evidence that these axonal mRNAs become associated with ribonucleoprotein com-plexes which are postulated to be involved in the dock ing, storage, and potential posttranscriptional regulation (Jirikowski et aI., 1990; Mohr et aI., 199 1; Tiedge et aI., 1993 Tiedge et aI., , 1999 . It is hypothesized that the purpose of such an axonal system of sorting and transport of mRNA is for efficient and timely regulation of protein synthesis in response to local stimuli. In contrast to BC 1, the increase in GLUT3 mRNA is clearly translated into protein which persists in the neurohypophysis during water restoration beyond the normalization of ICMR g lc and mRNA levels.
Interpretation of the results pertaining to the effects of the water deprivationirestoration protocol on regional GLUT 1 mRNA and protein levels and ICMR g lc is more complex which may be attributable to the fact that GLUT 1 is expressed by more than a single cell type. In addition to nerve terminals arising primarily from mag nocellular neurons, the neurohypophysis contains mi croglia, pituicytes, and endothelial cells, all of which express the 45-kDa isoform of GLUT l (Lawson et aI., 1993) . Although in situ hybridization results do not dis tinguish between the two GLUT 1 isoforms, it can be assumed that the alterations in GLUT 1 mRNA corre spond to the 45-kDa isoform because the 55-kDa isoform is not found in the neurohypophysis (Vannucci et aI., 1994a) . There is a consistent divergence between GLUT 1 mRNA and protein expression in the neurohypophysis during the water deprivation/restoration regimen. For ex ample, the increase in GLUT 1 protein observed upon dehydration is associated with a decrease in mRNA ex pression, and the decrease in GLUT 1 protein levels seen upon water restoration is accompanied by an increase in GLUTl mRNA to normal levels ( Figs. 1B and 3 , Table  3 ). The observed increase in GLUT 1 protein might be associated with the morphologic alterations that take place in response to water deprivation. After chronic de hydration, the pituicytes in the neurohypophysis retract allowing for increased contact between the nerve termi nals and the basal lamina . The mi croglia are also involved in this remodeling in that they begin to envelop more neurosecretory terminals , and they undergo a burst of DNA synthesis (Lawson et aI., 1993) . These latter changes which are indicative of microglial adaptation may also account for the observed increase in GLUT5 mRNA in the neurohypophysis (Fig. 2) . There may be a neuronal component to the effect of water deprivation on GLUT 1 levels in the neurophypophysis. GLUTl is considered to be a stress-induced protein, which increases in response to glucose and oxygen deprivation (Wertheimer et aI., 199 1; see Klip et aI., 1994 for review) . Whereas neurons in vivo do not normally express GLUT 1, transient GLUT 1 mRNA expression has been observed in pyra midal neurons of the hippocampus in ischemic rat brains . If magnocellular neurons do express GLUT 1 in response to dehydration, it is clearly J Cereb Blood Flow Metab, Vol. 20, No.1, 2000 not sequestered in the axon terminals, indicating that regulation of GLUT 1 and GLUT3 differ under the con ditions of our study.
A variety of pre-and posttranslational mechanisms have been proposed to explain the increases in GLUT 1 mRNA and protein expression associated with stress re sponses such as glucose deprivation and hypoxia. These include enhanced rates of transcription and mRNA sta bilization (Boado and Pardridge, 1993; see McGowan et aI., 1995 for review; Dwyer et aI., 1996; Tsukamoto et aI., 1998) . However, such mechanisms do not appear to explain the observations made in this study, The in creased concentration of GLUT 1 protein in the neurohy pophysis and the persistent expression of GLUT3 may, however, be because of a depression in the turnover of glucose transporter proteins as observed for GLUT3 in L6 cells (Khayat et aI., 1998) , The tight correlation be tween functional activity, cerebral blood flow, and me tabolism, as measured by ICMR g 1c, is well established (Sokoloff, 1977; Klein et aI., 1986) . Under almost all circumstances the uptake of glucose across the blood barrier and into the neurons and glia, mediated by GLUTs 1 and 3, is sufficient to support the regional cellular activity. Kuschinsky and colleagues have quan tified the regional distribution of the respective trans porter proteins using a radioimmunolocalization tech nique and correlated these regional distributions with the corresponding ICMR g 1c in the resting conscious rat (Rah ner-Welsch et aI., 1995; Zeller et aI., 1995 Zeller et aI., , 1997 . These studies suggest that ICMR g 1c is more closely related to capillary density and the distribution of the microvascu lar GLUT l than GLUT3 (Zeller et aI., 1997) . Our own studies in the developing rat brain have demonstrated a positive temporal relationship between ICMR g 1c and GLUT3 during normal development, especially during the period of rapid synaptogenesis and the consequent increase in neuronal activity (Vannucci, 1994; Vannucci et aI., 1994b Vannucci et aI., , 1997 . Conversely, in Alzheimer's dis ease, there are decreases in GLUT3 concentration, par ticularly in the parietal and temporal cortices, two areas in which deficits in ICMR g 1c are characteristic of the disease (Simpson et aI., 1994) . Thus, the results of these studies would suggest that both development and neuro degeneration are accompanied by changes in the GLUT3 glucose transporters consistent with changing activity. The results presented in this study further support the close relationship between ICMR g 1c and GLUT3 under conditions of experimentally induced alterations in func tional activity. The advantage of the hypothalamoneuro hypophysial system in this regard is that in vivo activa tion of the hypothalamic magnocellular neurons results in increased glucose utilization in the neurohypophysis. The results of this study demonstrate that the observed alterations in glucose utilization are associated with al terations in levels of GLUT3 mRNA and protein and are independent of changes in blood-brain barrier GLUTl . This system should prove useful in the elucidation of the cellular mechanisms involved in regulating the expres sion and trafficking of GLUT3 mRNA and protein. Payne J, Mattiaci LA, Maher F, Simpson lA, Davies P (1993) plexes which are postulated to be involved in the dock ing, storage, and potential posttranscriptional regulation (Jirikowski et aI., 1990; Mohr et aI., 199 1; Tiedge et aI., 1993 Tiedge et aI., , 1999 . It is hypothesized that the purpose of such an axonal system of sorting and transport of mRNA is for efficient and timely regulation of protein synthesis in response to local stimuli. In contrast to BC 1, the increase in GLUT3 mRNA is clearly translated into protein which persists in the neurohypophysis during water restoration beyond the normalization of ICMR g lc and mRNA levels.
A variety of pre-and posttranslational mechanisms have been proposed to explain the increases in GLUT 1 mRNA and protein expression associated with stress re sponses such as glucose deprivation and hypoxia. These include enhanced rates of transcription and mRNA sta bilization (Boado and Pardridge, 1993; see McGowan et aI., 1995 for review; Dwyer et aI., 1996; Tsukamoto et aI., 1998) . However, such mechanisms do not appear to explain the observations made in this study, The in creased concentration of GLUT 1 protein in the neurohy pophysis and the persistent expression of GLUT3 may, however, be because of a depression in the turnover of glucose transporter proteins as observed for GLUT3 in L6 cells (Khayat et aI., 1998) , The tight correlation be tween functional activity, cerebral blood flow, and me tabolism, as measured by ICMR g 1c, is well established (Sokoloff, 1977; Klein et aI., 1986) . Under almost all circumstances the uptake of glucose across the blood barrier and into the neurons and glia, mediated by GLUTs 1 and 3, is sufficient to support the regional cellular activity. Kuschinsky and colleagues have quan tified the regional distribution of the respective trans porter proteins using a radioimmunolocalization tech nique and correlated these regional distributions with the corresponding ICMR g 1c in the resting conscious rat (Rah ner-Welsch et aI., 1995; Zeller et aI., 1995 Zeller et aI., , 1997 . These studies suggest that ICMR g 1c is more closely related to capillary density and the distribution of the microvascu lar GLUT l than GLUT3 (Zeller et aI., 1997) . Our own studies in the developing rat brain have demonstrated a positive temporal relationship between ICMR g 1c and GLUT3 during normal development, especially during the period of rapid synaptogenesis and the consequent increase in neuronal activity (Vannucci, 1994; Vannucci et aI., 1994b Vannucci et aI., , 1997 . Conversely, in Alzheimer's dis ease, there are decreases in GLUT3 concentration, par ticularly in the parietal and temporal cortices, two areas in which deficits in ICMR g 1c are characteristic of the disease (Simpson et aI., 1994) . Thus, the results of these studies would suggest that both development and neuro degeneration are accompanied by changes in the GLUT3 glucose transporters consistent with changing activity. The results presented in this study further support the close relationship between ICMR g 1c and GLUT3 under conditions of experimentally induced alterations in func tional activity. The advantage of the hypothalamoneuro hypophysial system in this regard is that in vivo activa tion of the hypothalamic magnocellular neurons results in increased glucose utilization in the neurohypophysis. The results of this study demonstrate that the observed alterations in glucose utilization are associated with al terations in levels of GLUT3 mRNA and protein and are independent of changes in blood-brain barrier GLUTl . This system should prove useful in the elucidation of the cellular mechanisms involved in regulating the expres sion and trafficking of GLUT3 mRNA and protein.
